We present our discovery of dramatic variability in SDSS J1100+4421 by the high-cadence transient survey Kiso Supernova Survey (KISS). The source brightened in the optical by at least a factor of three within about half a day. Spectroscopic observations suggest that this object is likely a narrow-line Seyfert 1 galaxy (NLS1) at z = 0.840, however with unusually strong narrow emission lines. The estimated black hole mass of ∼ 10 7 M ⊙ implies bolometric nuclear luminosity close to the Eddington limit. SDSS J1100+4421 is also extremely radio-loud, with a radio loudness parameter of R ≃ 4 × 10 2 − 3 × 10 3 , which implies the presence of relativistic jets. Rapid and large-amplitude optical variability of the target, reminiscent of that found in a few radio-and γ-ray loud NLS1s, is therefore produced most likely in a blazar-like core. The 1.4 GHz radio image of the source shows an extended structure with a linear size of about 100 kpc. If SDSS J1100+4421 is a genuine NLS1, as suggested here, this radio structure would then be the largest ever discovered in this type of active galaxies.
INTRODUCTION
It is widely accepted that active galactic nuclei (AGNs) are powered by supermassive black holes (BHs) accreting at high rates. Radio-loud AGNs are those which possess powerful relativistic jets. The radio loudness parameter R, i.e., the ratio of a radio flux to a nuclear optical flux of a source, is often used as a proxy for the jet pro- KWFC (upper) , the SDSS image (middle), and the FIRST 1.4 GHz radio image (lower, the beam size is 5.4" as shown with the circle, White et al. 1997) . The contour levels in the FIRST image start from 3σ (1 σ = 0.20 mJy beam −1 ), separated by a factor of √ 2. Right: Light curves of SDSS J1100+4421 around the discovery epoch (upper) and until 40 days after the flare (lower). The vertical arrows in black show the epochs of spectroscopic data. Our photometric data are compared with SDSS g-band magnitude and B-and Rc-band magnitudes estimated from SDSS magnitudes (left panel and shaded region). Magnitudes are given in the AB system for the SDSS g band and Vega units for the other bands. duction efficiency. Several plausible relations between this parameter and other fundamental characteristics of a central engine (such as BH mass, accretion rate, and possibly BH spin) have been discussed in the literature (e.g., Sikora et al. 2007 , and references therein). In general, AGNs with higher BH masses (> 10 8 M ⊙ ) and lower accretion rates tend to be more radio loud.
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In this context, radio properties of NLS1s are of a particular interest, since AGNs of this peculiar type (Osterbrock & Pogge 1985; Pogge 2000) are believed to have relatively small BH masses (10 6 − 10 8 M ⊙ ) and very high accretion rates (e.g., Mathur 2000) . By these properties, it had been inferred that NLS1s are a radio-quiet class of AGNs, and that young BHs in NLS1s that undergo rapid growth via high-rate accretion do not produce relativistic jets.
Statistical studies (e.g., Komossa et al. 2006; Whalen et al. 2006; Zhou et al. 2006 hereafter Z06) show, in fact, that the fraction of radio-loud NLS1s is small, i.e., only 7% of NLS1s have R > 10 while about 20 % of broad-line Seyfert 1 galaxies have R > 10 ( Komossa et al. 2006 ). However, they also find that a small fraction (∼ 2.5%) of NLS1s is very radioloud (R > 100). Recently more and more radio-loud NLS1s are being discovered (e.g., Yuan et al. 2008; Caccianiga et al. 2014) .
Interestingly, high-energy γ-rays (100 MeV -100 GeV) have been detected from some radio-loud NLS1s with Fermi Large Area Telescope (LAT; Abdo et al. 2009a,b; D'Ammando et al. 2012) . The γ-ray detection implies the presence of relativistic jets in these objects, in direct analogy to blazars. To fully understand the cosmological evolution of supermassive BHs, it is therefore important to clarify the jet production efficiency and the jet duty cycle in such young systems in formation, or in other words to investigate in detail the radio-loud population of NLS1s.
In this Letter, we report our serendipitous discovery of dramatic optical variability in a peculiar radioloud NLS1 candidate SDSS J110006.07+442144.3 (SDSS J1100+4421) by the Kiso Supernova Survey (KISS, Morokuma et al. 2014) . Throughout this paper, we assume cosmological parameters Ω Λ = 0.7, Ω M = 0.3, and h = 0.7.
OBSERVATIONS
2.1. Discovery SDSS J1100+4421 was detected as a transient object by the high-cadence optical transient survey KISS (Morokuma et al. 2014) . KISS uses the 1.05m Kiso Schmidt telescope equipped with Kiso Wide Field Camera (KWFC, Sako et al. 2012 ), which has a 2.2 × 2.2 deg field of view. In order to detect short-timescale transients, KISS adopts a 1 hr cadence; i.e., the same fields are repeatedly observed every 1 hr. The survey is performed with the optical g-band filter to detect shock breakout of supernovae (Tominaga et al. 2011; Morokuma et al. 2014) .
Variability of SDSS J1100+4421 was first recognized on 2014 Feb 23.46 UT with g = 19.73 ± 0.13 mag (Figure 1 and Table 1 ) and registered as a supernova candidate "KISS14k". No source was present at this position in the stacked images taken 1 day before with a 5-σ limiting magnitude of 21.03 mag. Therefore this transient brightened at least by a factor of 3 within 1 day (1.3 mag day −1 ). The SDSS images taken in 2003 show a faint object classified as a galaxy at the same position with g = 22.16 ± 0.11 mag without spectroscopic data. Compared with the 2003 data, the 2014 flux increase is a factor of about 10. Hereafter we call this event a "flare". This object is also recorded in USNO-B1.0 (Monet et al. 2003) and in the Guide Star Catalog II (GSC-II, Lasker et al. 2008 ) with variable magnitudes (Table 1) .
After the flare, the brightness of SDSS J1100+4421 quickly declined in subsequent days. The stacked images show the fading object with about g =21.1 and 21.5 mag on 2014 Feb 24 and 25, respectively. The decline rate during the first day after the flare is 0.9 − 1.3 mag day −1 .
2.2. Follow-up Observations Immediately after the discovery (19.4 hr after the first detection), we started follow-up imaging and spectroscopic observations with the 8.2m Subaru telescope equipped with the Faint Object Camera And Spectrograph (FOCAS, Kashikawa et al. 2002) . We took images and spectra of SDSS J1100+4421 three times during the same night. Typical seeing during the observations was 0.
′′ 5-0. ′′ 6. Imaging data clearly show intranight variability. Spectroscopic observations were performed using an offset 1.0" slit with the 300B grism and SY47 ordersorting filter 30 . The spectral resolution is λ/∆λ = 400 (FWHM), which corresponds to a velocity resolution of 750 km s −1 . The obtained flux is consistent at a level of about 10% with the FOCAS photometry. Figure 2 shows the optical spectra of SDSS J1100+4421. Emission lines of Mg ii, and [O iii] are clearly identified, confirming the AGN nature of this object. All the emission lines consistently indicate a redshift of z = 0.840. All three spectra show a broad Mg ii line with a FWHM of 2, 070 ± 100 km s −1 , which does not change with time. Although the Hβ line is dominated by the narrow component, the broad component is visible in the stacked spectrum (bottom panel of Figure 2 ). The FWHM of the broad Hβ is 1900 ± 300 km s −1 . The widths of all the other narrow emission lines are not resolved with our spectra.
30 This configuration gives clean 1st-order spectra in 4700-9000Å. Contamination of the 2nd-order spectrum exists at >9000 A and it is estimated to be about 5% at 9200Å for the spectra of SDSS J1100+4421. The continuum flux in the three spectra shows significant intranight variability. We find that the continuum of these spectra is well fitted by a power-law with a slope that is constant in time. The power-law index is α λ = −0.60 ± 0.01 in all three epochs, where f λ ∝ λ α λ , (α ν = −1.4 for f ν ∝ ν αν ). In contrast to the continuum flux, the emission line fluxes in the three spectra are consistent within the uncertainty, e.g., the variation in the Mg ii line flux is ∼ < 10%. Emission line fluxes measured in the stacked spectrum are summarized in Table 1 .
Optical and near infrared imaging follow-up observations were also performed with Horishima Optical and Near-InfraRed camera (HONIR, Akitaya et al. 2014) of the 1.5m Kanata telescope, the Newtonian camera of the Kottamia Observatory 1.88m telescope, the Kyoto Okayama Optical Low-dispersion Spectrograph (KOOLS) of the Okayama Astrophysical Observatory (OAO) 1.88m telescope (Yoshida 2005) , and the 0.50m MITSuME telescope (Yatsu et al. 2007 ). Even after the flare, this object shows some variability (Figure 1) , although the data are not densely sampled. The r-i color during the flare (synthesized from the FOCAS spectra) is 0.25 mag, which is consistent with the SDSS r-i color in 2003 (0.26 ± 0.21 mag).
In order to measure the X-ray flux of this object, Target of Opportunity (ToO) Komossa et al. 2006) 31 . However, SDSS J1100+4421 does not fit the other two characteristics of NLS1s, namely (i) the presence of Fe II bumps at 4400-4700Å and 5150-5400Å, and
The absence of a Fe ii bump may be naturally explained by a contribution from the additional prominent continuum component during the flare. This component can be interpreted as emission from a jet (Section 3.4). In fact, this object is found to be extremely radio loud (Section 3.2), and radio-loud AGNs tend to show weaker Fe ii bumps (Boroson & Green 1992; Sulentic et al. 2003) . . This is about 10 times higher than that estimated using the broad Mg ii line, or the SDSS g-band flux in 2003, L bol = 5.2L 3000 ≃ 6 × 10 44 erg s −1 . Based on these findings and considerations, we conclude that SDSS J1100+4421 is a candidate NLS1 with a particularly prominent power-law component and unusually strong narrow emission lines. Since the [O iii] line strength is known to correlate with the radio power (e.g., 31 Note that the dramatic optical variability observed, as well as the clearly detected broad components of the Mg ii and Hβ lines, both invalidate a Seyfert 2 classification of SDSS J1100+4421. Also, the hardness ratio of the X-ray spectrum of the source, (H − S)/(H + S) = −0.14 ± 0.13 (where H and S are the photon counts at < 2 keV and > 2 keV, respectively), does not indicate any heavy nuclear obscuration which could be expected for a type 2 AGN (Wang et al. 2004 ). Labiano 2008), the strong narrow components might be related to the extreme radio loudness and thus relativistic jets (Section 3.2).
3.2. Radio Properties SDSS J1100+4421 is a strong radio source, which is recorded in various survey catalogs (Table 1) . For a direct comparison with NLS1s, here we define a radio loudness parameter R 1.4 as in Z06, Komossa et al. (2006) and Yuan et al. (2008) , i.e., as the ratio of f ν (1.4 GHz) to f ν (4400Å) in the source rest frame (assuming radio and optical power-law slopes of α ν = −0.5 for simple flux conversions).
Using the radio flux measured by FIRST and the SDSS g-band magnitude corrected for Galactic extinction (A V = 0.035 mag, Schlegel et al. 1998) , the radio loudness is R 1.4 ≃ 3 × 10 3 . This is among the highest radio loudness values in the NLS1 samples (Figure 3 ). It should be noted that the epochs of various radio observations of SDSS J1100+4421 are not simultaneous with each other, or with those in other wavelengths; hence the evaluated radio loudness parameter is subject to an uncertainty generated by a source variability. However, even with the optical flux at the peak of the flare, the radio loudness is still very high, R 1.4 ≃ 4 × 10 2 . Interestingly, the radio structure in the FIRST image is extended compared with the beam size (Figure 1) . The source has a core-dominated, two-sided structure with the linear size of 13" (measured from the center to the north-west edge with 3σ flux level). This size corresponds to about 100 kpc (projected). If SDSS J1100+4421 is a NLS1, such a large-scale radio structure would be the largest known for this type of AGN (Doi et al. 2012 , and references therein). Future high-resolution observations are needed to confirm the extension, and to investigate in detail the radio morphology of SDSS J1100+4421.
Black Hole Mass and Eddington Ratio
We estimate a mass of the BH in SDSS J1100+4421 with the following conventional method. Assuming the broad-line region (BLR) is virialized, the black hole mass can be written as M BH = R BLR v 2 /G, where R BLR is the size of BLR and v = ( √ 3 × FWHM/2) for an isotropic distribution of BLR clouds. The size of BLR (R BLR ) is known to correlate with the continuum and line luminosities (e.g., Kaspi et al. 2005) . We use the empirical relations of McLure & Dunlop (2004, their Eqs A6 and A7) , which give consistent BH mass estimates within 0.33 dex using Hβ and Mg ii. To avoid possible contamination from jet emission (Yuan et al. 2008) , the continuum luminosities in the equations are replaced with the line luminosities by adopting the relations of Shen et al. (2011, L 3000 and L Mg II ) and Greene & Ho (2005, L 5100 and L Hβ ), respectively.
By adopting the luminosity and FWHM of the Hβ and Mg ii lines, we obtain M BH ∼ 1.0 × 10 7 M ⊙ and 1.5 × 10 7 M ⊙ , respectively. Given the higher S/N ratio, we adopt the estimate with the Mg ii line in the following discussion. Figure 3 shows the radio loudness and BH mass compared with those of NLS1 samples by Z06. The BH masses for this sample are estimated using the luminosity and FWHM of the Hβ line. The BH mass of SDSS J1100+4421 is within the distribution of BH masses of other NLS1s.
The bolometric luminosity of SDSS J1100+4421 is L bol ∼ 6×10 44 erg s −1 (Section 3.1), which is about 30 % of the Eddington luminosity (L Edd ∼ 2 × 10 45 erg s −1 ). Since radiative efficiency of the accretion disk at high (close to Eddington) accretion rates is of the order of 10%, the accretion luminosity of SDSS J1100+4421 is approximately L acc ∼ 6×10 45 erg s −1 , corresponding to the mass accretion rate ofṀ acc = L acc /c 2 ≃ 0.1 M ⊙ yr −1 . The jet power estimated from the radio luminosity (L 1.4 = 7 × 10 43 erg s −1 ) is L jet ∼ 1 × 10 45 erg s −1 (Cavagnolo et al. 2010) , which confirms the high jet production efficiency.
3.4. Origin of the Flare The long-term light curve rejects the flare in SDSS J1100+4421 as a transient phenomena, such as supernova or tidal disruption of a star. One might suppose that the flare arises from the variability of an accretion disk, but that is also unlikely. Assuming a standard (optically thick, geometrically thin) disk structure around a BH with M BH ∼ 1.5 × 10 7 M ⊙ , the disk radius at which the bulk of the optical/ultraviolet emission is produced can be estimated as R ∼ 10 15 cm ∼ 200 R S , where R S is the Schwarzschild radius. This emitting radius is not changed significantly even for a super-critical, slim disk as long as R > 10R S (e.g., Mineshige et al. 2000) . The dynamical timescale at such a distance is a few tens of days, which is much longer than the observed timescale.
The remaining possibility for the origin of the flare is synchrotron emission from a relativistic jet. The presence of a jet is implied by the extreme radio loudness of the source. The steep slope of the optical spectra during the flare (α ν = −1.4) is also consistent with synchrotron emission. Moreover, the observed variability timescale points out to the jet origin of the flare as well.
Optical variability on timescales shorter than a few days has been observed in other NLS1s (e.g., Klimek et al. 2004; Liu et al. 2010; Paliya et al. 2013; Maune et al. 2013; Eggen et al. 2013; Itoh et al. 2013) . During the flare analyzed here, SDSS J1100+4421 brightens by a factor of at least 3 within about half a day in the rest frame. To our knowledge, such an extreme, blazarlike variability of a NLS1 has been confirmed for only γ-ray loud NLS1s (Liu et al. 2010; Maune et al. 2013; Eggen et al. 2013; Itoh et al. 2013) .
Motivated by these similarities, the SED of SDSS J1100+4421 is compared with γ-ray loud NLS1s PMN J0948+0022 and PKS 2004-447 (Abdo et al. 2009a,b) in Figure 4 . SDSS J1100+4421 is not detected in the Two Year Fermi-LAT catalog (2FGL, Nolan et al. 2012) . If the γ-ray photon index is assumed to be −2.5, in the analogy to PMN J0948+0222, the upper limit for the flux is ∼ 5 × 10 −12 erg s −1 cm −2 . There is a large variety in the γ-ray loudness of the LAT-detected NLS1s; the upper limit for the γ-ray luminosity of SDSS J1100+4421 derived here is very close to the observed γ-ray luminosity of PMN J0948+0022, but it is higher than the luminosity of PKS 2004-447 by a factor of about 30.
SUMMARY
We report on the discovery of a dramatic optical variability from an enigmatic AGN, SDSS J1100+4421. This object seems like a NLS1 but is peculiar for its strong narrow emission lines and the large (∼ 100 kpc) extent of the radio structure. The observational facts presented here suggest that this object has a young BH growing with an accretion rate close to the Eddington limit, and that the relativistic jets are efficiently produced and have evolved to the large scale. The dramatic optical variability, as well as the unusually strong narrow emission lines, are likely to be produced by the relativistic jets. Our discovery demonstrates that high-cadence surveys are potentially useful to search for such a rare class of AGNs and to study the jet production/duty cycle in the growing BHs.
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